Introduction
The hemostatic and prothrombotic function of platelets is critically dependent on two key properties: (i) their ability to adhere and aggregate at sites of vascular injury; and (ii) their ability to support blood coagulation, necessary for thrombin generation and fibrin formation (platelet procoagulant function a ). The conversion of activated platelets to a procoagulant state is associated with specific biochemical and morphological changes, some of which are similar to those occurring in apoptotic cells 1, 2 , including caspase activation, proteolytic processing of cytoskeletal elements, surface exposure of phosphatidylserine (PS), and membrane contraction, blebbing and microvesiculation . . It has also been reported that Bcl-x L levels decline in stored platelets 12, 13 , and that this coincides with an increase in PS exposure and increased platelet procoagulant activity [5] [6] [7] [8] . Taken together, these findings suggest that the apoptotic machinery may regulate the procoagulant function of platelets.
In this study, we have investigated whether direct induction of apoptosis stimulates platelet procoagulant activity, independent of platelet activation, and whether the apoptotic machinery in platelets plays an important role in regulating agonist-induced platelet procoagulant function.
For personal use only. on November 12, 2017. by guest www.bloodjournal.org From . This increase in procoagulant activity was independent of platelet co-stimulation by enzymatically generated thrombin, as PAR4 -/-platelets, which are completely unresponsive to thrombin, were equally effective at supporting thrombin generation following ABT-737 treatment (Fig. 1F) . Furthermore, the potent platelet activation inhibitors, PGE 1 and theophylline (PGE 1 /Theo) abolished CRP-induced thrombin generation, but had no significant inhibitory effect on ABT-737 induced thrombin generation ( Fig. 1 C-E ). In contrast, Q-VD-Oph abolished ABT-737-induced thrombin generation, but had no effect on CRP-stimulated thrombin generation (Fig. 2C, D) .
Materials and Methods

PS Exposure by Apoptotic Platelets requires Bak and Bax
Since Bak and Bax are the central mediators of the intrinsic apoptotic pathway, we investigated their role in mediating platelet PS exposure and thrombin generation induced by shown) or a combination of CRP and thrombin was associated with normal levels of PS expression and thrombin generation ( Fig. 2A,B) . The caspase inhibitor Q-VD-Oph prevented ABT-737-induced PS exposure, consistent with a reduction in thrombin generation ( Fig. 2C-E ), but had no effect on effect on the procoagulant activity of platelets stimulated with ionophore A23187 or physiological agonists (data not shown and Fig. 2D ). In both agonistFor personal use only. on November 12, 2017. by guest www.bloodjournal.org From stimulated and apoptotic platelets thrombin generation was dependent on surface exposure of PS, as it was completely inhibited by the addition of purified Annexin V (Suppl. Fig 2C) .
Conclusions
Our findings demonstrate that two distinct pathways can regulate PS exposure and the procoagulant activity of platelets in vitro: (i) a calcium-dependent, caspase-independent pathway induced by physiological agonists; and (ii) a Bak/Bax-caspase-mediated pathway independent of platelet activation. Moreover, we have shown that although agonist-induced procoagulant (PS+ve) platelets exhibit characteristics of apoptotic cells, the processes 
